Introduction
============

We occasionally encounter patients with congenital blood vessel malformations such as a right aortic arch (RAA) or agenesis of the internal carotid artery (ICA). We report a patient with an extremely complex congenital blood vessel anomaly who suffered subarachnoid hemorrhage (SAH) due to a ruptured cerebral aneurysm. The anomalies included RAA with an isolated left innominate artery, agenesis of the left ICA, and dysplasia of the posterior circulation.

Case Report
===========

A 50-year-old man in deep coma was admitted to our hospital. He had a history of untreated hypertension. His grandfather and father had suffered ruptured cerebral aneurysms, and his sister an unruptured cerebral aneurysm. Computed tomography (CT) revealed SAH and an intracerebral hematoma in the right temporal lobe ([Fig. 1A](#F1){ref-type="fig"}). Three dimensional (3D) CT angiography showed an aneurysm at the IC-anterior choroidal artery bifurcation ([Fig. 1B](#F1){ref-type="fig"}). It was clipped via the pterional trans-Sylvian approach. Postoperatively he manifested no neurological deficits.

He had an extremely rare congenital anomaly that involved the aortic arch and cerebral arteries. 3D-CT angiography and digital subtraction angiography (DSA) showed RAA with isolation of the left innominate artery ([Fig. 2](#F2){ref-type="fig"}) and agenesis of the left ICA ([Fig. 3](#F3){ref-type="fig"}). Dysplasia of the posterior circulation ([Fig. 4](#F4){ref-type="fig"}) was observed from the middle of the basilar artery to the left posterior cerebral artery (PCA). No arteriovenous shunt was seen. The left anterior cerebral artery (ACA) and middle cerebral artery (MCA) were supplied from the contra-lateral side via the anterior communicating artery (AcomA). The left subclavian- and left external carotid artery were supplied from the right vertebral artery (VA) via reverse flow in the left VA. There was collateral flow originating from the descending aorta into the left subclavianand left external cariotid artery.

Discussion
==========

RAA with an isolated left innominate artery is an uncommon anomaly of the aortic arch. Stewart et al.^[@B1]^ classified the RAA into three types: (1) RAA with mirror-image branching of the major arteries (59.3%), (2) RAA with an aberrant left subclavian artery (39.5%), and (3) RAA with an unconnected left subclavian artery (0.8%). The RAA in our patient was not any of these types, although it is similar with (3) RAA with an unconnected left subclavian artery. It is unusual for patients to have this condition in adulthood without coexisting congenital cardiac anomalies; the association of a patent ductus arteriosus or other cardiac abnormalities, resulting in cardiovascular dysfunction, has been reported in neonates and in early life.^[@B2]--[@B4]^ Agenesis of the ICA is also a rare congenital anomaly; it has been documented in less than 0.01% of the population.^[@B5]^ Although a few instances of both aortic arch anomaly and agenesis of the ICA have been reported,^[@B6]^ ours is the first documentation of this type of complex anomaly and no patients with additional dysplasia of the posterior circulation have appeared in the literature.

Embryologically, RAA with an isolated left innominate artery is explained by regression of the developing aorta between the aortic sac and the left common carotid artery, degeneration of the eighth segment of the left dorsal aorta, and regression of the bilateral ductus arteriosus.^[@B3],[@B4]^ ICA agenesis involves the abnormal regression, involution, or atresia of the third aortic arches and dorsal aorta; the pathogenesis of dysplasia of the posterior circulation remains unknown. The basilar artery distal to the primitive trigeminal artery derives from the ipsilateral ICA and anastomoses with the vertebrobasilar system. We speculate that blood flow insufficiency plays a role in angiogenesis of the vertebrobasilar system. In the presence of agenesis of the ICA or RAA with an isolated left innominate artery, a coexisting anomaly of the vertebrobasilar system is extremely rare.

Among patients with agenesis of the ICA, the incidence of intracranial aneurysms is 24--34%, and much higher than in the general population (2--4%). Increased flow through collateral vessels and altered flow dynamics are cited as plausible explanations for this higher incidence.^[@B7]--[@B9]^ On the other hand, patients with agenesis of the ICA who suffer an ischemic insult are often asymptomatic because the collateral pathways support cerebral perfusion.^[@B5]^ Collateral flow is most commonly supplied through the circle of the Willis, but rarely by embryonic vessels or the external carotid artery. Lie described six pathways of collateral circulation in individuals with agenesis of the ICA.^[@B10]^ In type A, the unilateral absence of the ICA is associated with collateral circulation to the ipsilateral ACA through a patent AcomA and to the ipsilateral MCA from the posterior circulation through a hypertrophied posterior communicating artery (PcomA). In type B, the ipsilateral ACA and MCA are supplied across a patent AcomA. Type C reflects bilateral agenesis of the ICA; the anterior circulation is supplied via a carotid-vertebrobasilar anastomosis, and may involve hypertrophy of the PcomA. In type D there is unilateral agenesis of the cervical portions of the ICA and an intercavernous communication to the ipsilateral carotid siphon from the contralateral cavernous ICA. In type E, diminutive ACAs are supplied by bilateral hypoplastic ICAs, and the MCAs are supplied by enlarged PcomAs. The type F pathway provides collateral flow to the distal ICA via transcranial anastomoses from the internal maxillary branches of the ECA system, the so-called rete mirabile. Our patient had no past history of ischemic attacks because there was sufficient cerebral perfusion (Lie's type B).

Patients with RAA and an isolated left innominate artery may manifest the subclavian steal syndrome because the left carotid artery and left subclavian arteries, which are isolated from the right aortic arch, are supplied retrogradely from the vertebrobasilar circulation. Our patient did not present with symptoms of the subclavian steal syndrome.

We reported a patient with an extremely rare, complex congenital anomaly of the aortic arch and cerebral arteries who presented with a ruptured aneurysm. It is important to understand the variety, vasculogenesis, and clinical problems associated with congenital blood vessel malformations.
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![A: Cranial CT showing SAH with intracerebral hematoma in the right temporal lobe. B: 3D CT angiography showing an aneurysm at the internal carotid--anterior choroidal artery bifurcation. 3D: three dimensional, CT: computed tomography, SAH: subarachnoid hemorrhage.](nmccrj-2-046-g001){#F1}

![A: 3D-CT angiography showing the right aortic arch with isolation of the left innominate artery. Left oblique view. B: Line drawing showing the right aortic arch with isolation of the left innominate artery. Red arrows indicate the direction of blood flow. Note blood steal from the left vertebral- into the left subclavian- and left external carotid artery. Collateral flow originating from the descending aorta to the left subclavian artery. CCA: common carotid artery, ECA: external carotid artery, VA: vertebral artery, SA: subclavian artery, Lt.: left, Rt.: right, 3D: three dimensional, CT: computed tomography.](nmccrj-2-046-g002){#F2}

![Agenesis of the left ICA. A: Angiograph of the right ICA showing the collateral blood flow pathway. The left ACA and MCA were supplied across a patent AcomA. B: CT angiogram at the level of the petrous ICA showing absence of the carotid canal (axial image). ICA: internal carotid artery, ACA: anterior cerebral artery, MCA: middle cerebral artery, AcomA: anterior communicating artery, CT: computed tomography.](nmccrj-2-046-g003){#F3}

![A: 3D-angiograph of the right VA showing dysplasia of the posterior circulation on the left side from the middle portion of the basilar artery to the left posterior cerebral artery. A-P view. We cannot identify the left posterior cerebral artery and the left superior cerebellar artery exactly. Blood is flowing up in the right VA and down in the left VA. Some of the blood is distributed in the territory of the BA. Red arrows indicate the direction of blood flow. B: 3D-angiograph of the right VA showing dysplasia of the posterior circulation. Lateral view. PCA: posterior cerebral artery, SCA: superior cerebellar artery, BA: basilar artery, VA: vertebral artery, 3D: three dimensional, A-P: anterior-posterior, Rt.: right.](nmccrj-2-046-g004){#F4}
